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© Lubricating oil composition having improved temperature characteristics. 



@ A lubricating oil composition having improved 
temperature characteristics is disclosed, containing: 
(A) a base oil having a kinematic viscosity at 100°C 
of 1.5 to 50 cSt, a pour point of -25 P C or lower and 
a viscosity index of at least 60; (B) an ethylene-a- 
oiefin copolymer having a number average molecu- 
lar weight of 1,000 to 8.000; and (C) at least one 
additive selected from an extreme pressure agent, 
an anti-wear agent, an oiliness agent and a detergent 
dispersant. The present composition has a high vis- 
cosity index and exhibits good temperature char- 
^acteristics, particularly low temperature characteris- 
tics, and further is excellent in shear stability, ex- 
treme pressure properties, wear resistance, deter- 
Agency and so on. Thus it is useful as a gear oil for 
Scars or industrial machines, an internal combustion 
engine oil, an automatic transmission oil and so on. 
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LUBRICATING OIL COMPOSITION HAVING IMPROVED TEMPERATURE CHARACTERISTICS 



BACKGROUND OF THE INVENTION 
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The present invention relates to a lubricating oil 
composition having improved temperature charac- 
teristics. More particularly, it is concerned with a 
lubricating oil composition which can maintain a 
constant viscosity at high temperatures and even at 
extremely low temperatures, is low in viscosity and 
further is excellent in properties such as shear 
stability, extreme pressure properties, wear resis- 
tance, detergency, dispersancy and so on. There- 
fore, this lubricating oil composition can be used in 
various applications, for example, as a multi-grade 
gear oil and a multi-grade engine oil. 

2. Description of the Prior Art 



Heretofore, in order to improve temperature 
characteristics of a lubricating oil, a large amount 
of a polymer compound acting as a viscosity index 
improver and/or a pour point depressant has been 
blended thereto. 

Lubricating oil compositions thus prepared, 
however, have disadvantages in that shear stability 
is poor, viscosity is readily decreased by mechani- 
cal shear, and initial lubricating properties are not 
satisfied, because they contain a large amount of 
polymer compounds. Not only in this shear stability 
but also in extreme pressure properties, wear resis- 
tance, detergency, dispersancy and so forth, the 
above lubricating oil compositions are not satisfac- 
tory for practical use. 



SUMMARY OF THE INVENTION 



The present invention is intended to overcome 
the above problems, and an object of the present 
invention is to provide a lubricating oil composition 
which has excellent temperature characteristics 
over a wide temperature range and is excellent in 
shear stability and further in extreme pressure 
properties, wear resistance, detergency, dispers- 
ancy and so forth. 

It has been found that the object is attained by 
blending an ethylene-a-olefin copolymer to a spe- 
cific base oil for lubricating oil which is excellent in 



low temperature fluidity and further by adding 
thereto at least one additive selected from an ex- 
treme pressure agent, an anti-wear agent, an oili- 
ness agent and a detergent dispersant. 
5 The n resent Invention relates to a lubricating oil 

composition having improved temperature charac- 
teristics, containing: 

(A) a base oil having a kinematic viscosity at 
100°C of 1.5 to 50 cSt. a pour point of -25°C or 

io lower, and a viscosity index of at least 60; 

(B) an ethylene-a-olefin copolymer having a 
number average molecular weight of 1,000 to 
8,000; and 

(C) at least one additive selected from an 
75 extreme pressure agent an anti-wear agent, an 

oiliness agent and a detergent dispersant. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

20 

For the base oil to be used as the component 
(A) of the present composition, the kinematic vis- 
cosity at 100°C is 1.5 to 50 cSt and preferably 2 to 

25 30 cSt, the pour point is -25 °C or lower and 
preferably -30 C C or lower, and the viscosity index 
is at least 60 and preferably at least 70. 

If the kinematic viscosity at 100° C is less than 
1.5 cSt, evaporation loss is undesirably large. On 

30 the other hand, if it is more than 50 cSt, power loss 
due to viscosity drag is too large. In connection 
with pour point, if it is more than -25°C. low tem- 
perature characteristics are not satisfactory. In con- 
nection with viscosity index, if it is less than 60, 

35 temperature dependency of viscosity is large and 
the desired lubricating oil composition having ex- 
cellent temperature characteristics cannot be ob- 
tained. 

As the base oil to be used as the component 
40 (A) of the present composition, any mineral oils can 
be used as long as they have the aforementioned 
properties. 

Representative examples of mineral oils which 
can be used as the base oil include a purified oil 

45 which is obtained by purifying a distillate oil by the 
usual method, said distillate oil having been ob- 
tained by atmospheric distillation of a paraffin base 
crude oil or an intermediate base crude oil, or by 
vacuum distillation of a residual oil resulting from 

50 the atmospheric distillation, and a deep dewaxed 
oil which is obtained by subjecting the above puri- 
fied oil to deep dewaxing treatment. In this case, 
the process for purification of the distillate oil is not 
critical, and various methods can be employed. 
Usually, the distillate oil is purified by applying 
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such treatments as (a) hydrogenation, (b) dewaxing 
(solvent dewaxing or hydrogenation dewaxing). (c) 
solvent extraction, (d) alkali distillation or sulfuric 
acid treatment and (e) clay filtration, alone or in 
combination with one another. It is also effective to 
apply the same treatment repeatedly at multi- 
stages. For example, (1) a method in which the 
distillate oil is hydrogenated, or after hydrogena- 
tion, it is further subjected to alkali distillation or 
sulfuric acid treatment (2) a method in which the 
distillate oil is hydrogenated and then is subjected 
to dewaxing treatment, (3) a method in which the 
distillate oil is subjected to solvent extraction treat- 
ment and then to hydrogenation treatment, (4) a 
method in which the distillate oil is subjected to two 
or three-stage hydrogenation treatment or after the 
two or three-stage hydrogenation treatment, it is 
further subjected to alkali distillation or sulfuric acid 
treatment, (5) a method in which after the treatment 
of the distillate oil by the methods (1) to (4) as 
described above, it is again subjected to dewaxing 
treatment to obtain a deep dewaxed oil, and so 
forth can be employed. 

In the practice of the above methods, it suffices 
that processing conditions be controlled so that the 
resulting base oil has a viscosity, a pour point and 
a viscosity index each failing within the above- 
specified range. 

In particular, a mineral oil obtained by deep 
dewaxing. i.e., deep dewaxed oil is preferred as the 
base oil to be used as the component (A) of the 
present composition. This deep dewaxing treat- 
ment is carried out, for example, by solvent dewax- 
ing under severe conditions, or by catalytic hy- 
drogenation dewaxing using a Zeolite catalyst. 

The ethylene-a-olefin copolymer to be used as 
the component (B) of the present composition has 
a number average molecular weight of 1.000 to 
8,000, preferably 2,000 to 5,000. If the number 
average molecular weight is less than 1,000, the 
viscosity index is improved only insufficiently. On 
the other hand, if it is more than 8,000, shear 
stability is undesirably reduced. This ethylene-a- 
olefin copolymer is a copolymer of ethylene and a- 
olefin having 3 to 20 carbon atoms, such as pro- 
pylene, 1-butene, 1-decene and the like, i.e., a 
hydrocarbon synthetic oil not containing a polar 
group. 

The proportion of the ethylene-a-olefin 
copolymer as the component (A) in the present 
composition is not critical and can be determined 
appropriately depending on the purpose of use of 
the composition, the type of the base oil as the 
component (A) of the present composition, and so 
forth. In general, the amount of the ethylene-a- 
olefin copolymer to be blended is 0.5 to 20% by 
weight, preferably 1 to 10% by weight based on 
the total weight of the resulting composition. If the 



amount of the ethylene-a-olefin copolymer blended 
is too small, the viscosity index is improved only 
insufficiently. On the other hand, if it is too large, 
viscosity at low temperatures is increased, which is 
5 unsuitable for practical use. 

In the present composition, as the component 
(C), at least one additive selected from an extreme 
pressure agent, an anti-wear agent, an oiliness 
agent and a detergent dispersant is used. The 
w proportion of the additive(s) in the present com- 
position is not critical and can be determined ap- 
propriately depending on the type of the additive 
and so forth. Usually the amount of the additive(s) 
to be blended is 0.5 to 30% by weight, preferably 
75 1 to 20% by weight based on the total weight of 
the resulting composition. If the amount of the 
additive(s) blended is too small, the desired prop- 
erties are not improved sufficiently. On the other 
hand, if it is too large, various problems such as an 
20 increase in corrosiveness are liable to arise. 

As the extreme pressure agent, various com- 
pounds can be used. Specifically, sulfur-based ex- 
treme pressure agents such as sulfides, sulfoxides, 
sulfones, thiophosphinates, thiocarbonates, fats and 
25 oils, sulfurized fats and oils, sulfurized olefin and 
the like; phosphorus-based extreme pressure 
agents such as phosphoric acid esters, phospho- 
rous acid esters, phosphoric acid ester amine salts, 
phosphorous acid ester amine salts and the like; 
30 halogen-based extreme pressure agents such as 
chlorinated hydrocarbons; organometaliic extreme 
pressure agents such as thiophosphoric acid salts 
(e.g., zinc dithiophosphate (ZnDTP)) and thiocar- 
bamic acid salts, and so on can be used. 
35 Anti-wear agents which can be used include 

organomolybdenum compounds such as MoDTP, 
MoDTC and the like; organoboric compounds such 
as alkyimercaptyl borate and the like; solid 
lubricant-based anti-wear agents such as graphite, 
40 molybdenum disulfide, antimony sulfide, boron- 
containing compounds, polytetra fluoroethylene and 
the like, and so on. 

Oiliness agents (friction modifiers) which can 
be used include higher fatty acids such as oleic 
45 acid, stearic acid and the like; higher alcohols such 
as oieyl alcohol and the like; amines; esters; sul- 
furized fats and oils; chlorinated fats and oils; and 
so on. 

Detergent dispersants which can be used in- 
50 elude various metal sulfonates such as calcium 
sulfonate, magnesium sulfonate, barium sulfonate 
and the like; phenates; salicylates; succinic acid 
imides; benzylamines; succinic acid esters; and so 
on. 

55 In the present composition, as the component 

(C), the aforementioned extreme pressure agent, 
anti-wear agent, oiliness agent and detergent dis- 
persant are used, alone or as mixtures comprising 
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two or more thereof, depending on the purpose of 
use of the composition. 

The present composition is basically com- 
posed of the above components (A), (B) and (C) as 
major components. In addition, if necessary, other 
additives can be added to the present composition. 
For example, it is effective to add a polymer com- 

*r+V* oc nrtlwmafhcr>n;la+D hsmtnn P numhpr 

puunu ou^ti uw pwijiMWwiMwi;<M»« . -^7 — 

average molecular weight of 10,000 to 250,000, 
preferably 20.000 to 200,000, and an olefin 
copolymer having a number average molecular 
weight of at least 10,000 in a predetermined 
amount, more specifically in an amount of 0.1 to 
20% by weight, preferably 0.5 to 15% by weight 
based on the total weight of the resulting composi- 
tion. 

In addition, additives such as an antioxidant, a 
rust preventative, a defoaming agent, a corrosion 
inhibitor, a colorant and the like can be blended to 
the present composition appropriately. 

As the antioxidant, those conventionally widely 
used can be used. More specifically, phenol-based 
antioxidants such as 2,6-di-tert-butyl-4-methyl- 
phenol; amine-based antioxidants such as dioctyl- 
diphenylamine; sulfur, phosphorus-based antioxid- 
ants such as zinc dithiophosphate; and so on can 
be used. 

As the rust inhibitor, various compounds can 
be used. For example, carboxylic acids, carboxylic 
acid salts, sulfonic acid salts, esters, alcohols, 
phosphoric acids, phosphoric acid salts, and the 
like can be used. 

As the defoaming agent, silicone-based de- 
foaming agents such as dimethylsiloxane. silica gel 
dispersions and the like; alcohol-based defoaming 
agents; ester-based defoaming agents; and the like 
can be used. 

As the corrosion inhibitor, benzotriazole and its 
derivatives, thiazole-based compounds and the like 
can be used. 

As described above, the lubricating oil com- 
position of the present invention has a high viscos- 
ity index and is low particularly in low temperature 
viscosity and, therefore, is good in temperature 
characteristics, particularly low temperature char- 
acteristics. Furthermore, the lubricating oil com- 
position of the present invention is excellent in 
shear stability, extreme pressure properties, wear 
resistance, detergency and so forth. 

Accordingly, the lubricating oil composition of 
the present invention can be used widely and ef- 
fectively as a gear oil for cars or industrial ma- 
chines, an internal combustion engine oil, an auto- 
matic transmission oil, a power steering oil, a hy- 
draulic fluid, a shock absorber oil, a tractor oil, a 
door check oil, and so forth. 

The present invention is described in greater 
detail with reference to the following examples. 



EXAMPLES 1 AND 2. AND COMPARATIVE EXAM- 
PLES 1 TO 6 

5 Lubricating oil compositions having the formu- 

lations shown in Table 1 were prepared as multi- 
grade gear oils having a viscosity grade of 75W/80 
or 75W/.90 ; or a similar viscosity grade, determined 
according to SAE J306b. 

w These compositions were measured for phys- 

ical properties. The results are shown in Table 1 . 
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•1 Base Oil I: Mineral oil having a viscosity of 5.71 
cSt {100°C). a viscosity index of 92 and a pour 
point of -45 °C. 

*2 Base Oil II: Mineral oil having a viscosity of 
11.67 cSt (100°C). a viscosity index of 93 and a 
pour point of -42.5 °C. 

*3 Base Oil III: Mineral oil having a viscosity of 5.30 
cSt (100°C), a viscosity index of 104 and a pour 
point of -17.5°C. 

"4 Base Oil IV: Mineral oil having a viscosity of 
2.246 cSt (100°C), a viscosity index of 85 and a 
pour point of -10.0°C. 

*5 Hydrocarbon synthetic oil not containing a polar 
group, which is a copolymer of ethylene and a- 
olefin (mainly propylene), having a number average 
molecular weight (Mn) of 3,600 and a viscosity of 
2.000 cSt (100°C). 

•6 Polymethacrylate A: Poly methacry late having a 
number average molecular weight (Mn) of 21 ,000. 
*7 Polymethacrylate B: Polymethacrylate having a 
number average molecular weight (Mn) of 62.000. 
-8 B.F.: Brookfield viscosity. 

*9 Shear stability: Shear stability test using super- 
sonic waves under conditions of frequency 1 0 kHz, 
amplitude 28 u. time 60 min. and oil amount 30 ml. 

The following can be seen from the results of 
Table 1. 

The lubricating oil compositions of Examples 1 
and 2 each have a viscosity index of at least 1 10, a 
pour point of -40 °C or lower, and a Brookfield 
viscosity at -40 °C of 150,000 cP or less. Thus they 
satisfy 75W of SAE viscosity number. Moreover, 
shear stability is 0.2% for the composition of 
75W/80 (Example 1) and 3.2% even for the com- 
position of 75W/90 (Example 2). This is high stabil- 
ity that could not be expected from the usual multi- 
grade oil. Furthermore the shell four bail test shows 
that there is no serious reduction in extreme pres- 
sure properties due to multi-grading; the extreme 
pressure properties are sufficiently satisfactory. 

In Comparative Example 1 , a base oil satisfying 
the requirements for the component (A) of the 
present composition, that is, a low pour point min- 
eral oil was used, but an ethylene-a-oiefin 
copolymer as the component (B) was not used. In 
this composition, if the kinematic viscosity at 
100°C was adjusted to about 9.3 cSt, the Brook- 
field viscosity at -40 °C could not be maintained at 
150,000 cP or less. 

In Comparative Example 2, a 75W/80 multi- 
grade gear oil was prepared using the usual par- 
affin mineral oil by the usual method. In this case, 
even though polymethacrylate having the lowest 
molecular weight (21 ,000) as commonly used (that 
is, polymethacrylate which is least subject to 
shear) was used, the resulting composition was 



subject to shear more than 20 times that of the 
composition of Example 1. Furthermore the com- 
position was inferior in extreme pressure properties 
to that of Example 1. 
5 In Comparative Example 3. a SAE viscosity 

number 75W/90 of lubricating oil composition was 
prepared using a base oil (low pour point mineral 
oil) satisfying the requirements for the component 
(A) and polymethacrylate. but not using an 
io ethylene-a-olefin copolymer as the component (B). 
This composition was sufficiently satisfactory in 
respect of low temperature fluidity, but was subject 
to as high shear as 9.2% even though poly- 
methacrylate having the lowest molecular weight 
75 (21.000) as commonly used was used. 

In Comparative Example 4. polybutene was 
used as the component (B) in place of the 
ethylene-a-olefin copolymer. This composition, 
however, was not up to 75W/90 unless poly- 
20 methacrylate having a molecular weight of 21.000 
was added in a larger amount than in Example 2, 
even though the polybutene was added in a larger 
amount than the ethylene-a-olefin copolymer. For 
this reason, the composition was subject to shear 
25 about two times that of Example 2, and further its 
Brookfield viscosity at -40 °C could not be main- 
tained at 150,000 cP or less. 

In Comparative Example 5. a 75W/90 of 
lubricating oil composition was prepared using the 
30 usual paraffin mineral oil by the usual method. This 
composition was not satisfactory in any of shear 
stability and extreme pressure properties. 

In Comparative Example 6, the composition 
was prepared from the usual paraffin mineral oil 
35 and an ethylene-a-olefin copolymer as the compo- 
nent (B). In this composition, however, the Brook- 
field viscosity at -40° C was more than 200,000 cP, 
and the composition failed to satisfy the standards 
SAE viscosity number of 75W/90. 

40 

EXAMPLES 3 AND 4, AND COMPARATIVE EXAM: 
PLES 7 TO 12 



Lubricating oil compositions having the formu- 
lations shown in Table 2 were prepared as multi- 
grade engine oils of SAE viscosity number 15W730 
or 10W/30, or its similar grade, according to 
so SAE30. 

These compositions were measured for phys- 
ical properties. The results are shown in Table 2. 
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*6 Poiymethacrylate A: Same as in Table 1. 
"10 Base Oil V: Having a kinematic viscosity at 
100°C of 4.01 cSt, a viscosity index of 92 and a 
pour point of -45 °C. 

"11 Base Oil VI: Having a kinematic viscosity at 
100°C of 11.67 cSt. a viscosity index of 93 and a 
pour point of -42.5° C. 

"12 Base Oil VII: Having a kinematic viscosity at 
100°C of 4.12 cSt. a viscosity index of 100 and a 
pour point of -17.5°C. 

"13 Base Oil VIII: Having a kinematic viscosity at 
100°C of 10.79 cSt, a viscosity index of 104 and a 
pour point of -15°C. 

"14 Olefin Copolymer: Ethylene-propylene 
copolymer having a number average molecular 
weight (Mn) of 32,000. 

"15 CCS Viscosity: Cold cranking simulator viscos- 
ity. 

'16 Panel Coaking Test: According to Fed. Test 
Meth. 791-3462. 

"17 Shear Stability: Shear stability test using super- 
sonic waves under conditions of frequency 10 kHz, 
amplitude 28 a, time 30 min. and oil amount 30 ml. 

The following can be seen from the results of 
Table 2. 

In the lubricating oil compositions of Examples 
3 and 4, the viscosity index was at least 140, the 
pour point was -40 °C or less, and the CCS viscos- 
ity was 35 cP or less at both -15°C and -20 °C. 
Thus they were satisfactory as multi-grade 10W/30 
and 15W/30 oils, satisfying the standards for 10W 
and 15W of SAE J300. In shear stability, they were 
0.2% and 0.3%, respectively, and were excellent 
like a single grade oil. Furthermore, the deposited 
amounts in the panel coaking test, as a measure of 
detergency properties, were as small as 10 mg and 
1 5 mg. respectively. 

In Comparative Example 7, a 15W/30 of 
lubricating oil composition was prepared using the 
usual paraffin mineral oil, poiymethacrylate and a 
high molecular weight olefin copolymer. The vis- 
cosity index and pour point of the composition 
were 125 and -27.5 °C, respectively, unsatisfactory 
for practical use. The composition was subject to 
as high shear as 6.0%. Furthermore, the deposited 
amount in the panel coaking test was 20 mg, which 
was slightly high. 

In Comparative Example 8, a 15WV30 oil was 
attempted to prepare using only a low pour point 
mineral oil. The resulting composition, however, 
was high in low temperature viscosity (50 cP at 
-15 e C) and failed to satisfy the standards for 15W. 

In Comparative Examples 9 and 10, 10W/30 of 
lubricating oil compositions were prepared from the 
olefin copolymer and poiymethacrylate. and poiy- 
methacrylate, respectively, by the usual method. 



Although the compositions satisfied the standards 
for 10W/30, they were subject to shear of 16% and 
31%, respectively, which was very large as com- 
pared with Example 4. 
5 In Comparative Example 11, a 10W/30 of 

lubricating oil composition was attempted to pre- 

K*-* >" *y mw IHIIIVrlUi VII UIIU Oil CUiyiCIICU" 

olefin copolymer having a molecular weight of 
3,600. The resulting composition, however, failed to 
70 . satisfy the low temperature viscosity standards of 
10W. 

In Comparative Example 12, polybutene and a 
low pour point mineral oil were used. The resulting 
composition, however, was low in viscosity index 
75 although polybutene having the highest molecular 
weight among the commercially available poly- 
butenes was used, and failed to satisfy the low 
temperature viscosity standards of 10W. 

20 

Claims 

1. A lubricating oil composition having im- 
proved temperature characteristics, containing: 

25 (A) a base oil having a kinematic viscosity at 

100°C of 1.5 to 50 cSt, a pour point of -25°C or 
lower and a viscosity index of at least 60; 

(B) an ethylene-o-olefin copolymer having a 
number average molecular weight of 1,000 to 

30 8,000; and 

(C) at least one additive selected from an 
extreme pressure agent, an anti-wear agent, an 
oiiiness agent and a detergent dispersant. 

2. The composition as claimed in Claim 1 
35 wherein the amount of the ethylene-a-olefin 

copolymer blended is 0.5 to 20% by weight based 
on the total weight of the composition, and the 
amount of the additive(s) blended is 0.5 to 30% by 
weight based on the total weight of the composi- 
40 tion. 

3. The composition as claimed in Claim 1 
wherein the base oil is a purified oil or a deep 
dewaxed oil. 

4. The composition as claimed in Claim 3 
45 wherein the purified oil is obtained by purifying a 

distillate oil. 

5. The composition as claimed in Claim 3 
wherein the deep dewaxed oil is obtained by sub- 
jecting the purified oil to deep dewaxing treatment. 

so 6. The composition as claimed in Claim 1 

wherein the ethylene-a-olefin copolymer is a 
copolymer of ethylene and an a-olefin having 3 to 
20 carbon atoms. 

7. The composition as claimed in Claim 6 

55 wherein the cr-olefin is propylene, 1-butene or 1- 
decene. 
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8. The composition as claimed in Claim 1 
wherein the extreme pressure agent is at least one 
agent selected from sulfur-based extreme pressure 
agents, phosphorus-based extreme pressure 
agents, halogen-based extreme pressure agents, s 
and organometallic extreme pressure agents. 

9. The composition as claimed in Claim 1 
wherein the anti-wear agent is at least one agent 
selected from organomolybdenum compounds, or- 
ganoboron compounds, and solid lubricant-based ro 
anti-wear agents. 

10. The composition as claimed in Claim 1 
wherein the oiliness agent is at least one agent 
selected from higher fatty acids, higher alcohols, 
amines, esters, sulfurized fats and oils, and 75 
chlorinated fats and oils. 

11. The composition as claimed in Claim 1 
wherein the detergent dispersant is at least one 
compound selected from metal sulfonates, 
phenates, salicylates, succinic acid, amide, ben- 20 
zylamines, and succinic acid esters. 

12. The composition as claimed in Claim 1 f 
further containing polymethacrylate having a num- 
ber average molecular weight of 10,000 to 250,000, 

or an olefin copolymer having an olefin copolymer 25 
having a number average molecular weight of at 
least 10.000. 

13. The composition as claimed in Claim 12 
wherein the amount of the polymethacrylate or 
olefin copolymer blended is 0.1 to 20% by weight 30 
based on the total weight of the composition. 



as 
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